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I Invention concerne un procdde de fabrication de reeistancea electriquea 

| a uc forae do couches aincss ponstitueca d'oxydo dc caStal; elle concerne egale- 
| a*nt lea resistances ellee^eaea qui dans la Quite de cat expos* eeront denoaaees 
| "resistances an couchea aincea". 

| 5 On connalt deja differenta procedeB de fabrication de reaiatancea en 

|v couchea ainceB, la coucbe de aateriau resistant etant appliquee, aoit par Eva- 
poration, ao it par pulverisation cathodique, but un aubatrat forme par un aateriau 
f iaolant, Le developpeaent da la technique dee circuita integree et, en particu- 
| liar, de celle dee circuita hybrides, a cr$e* le beaotn pressant de diapoaer de 
| 10 reaiatancea en couchea aincea de tree faiblea diaenaions et p re a en tan t une resia- 
tanca 6* levee par carre\ Lee procldla connua ne peraettent pas la fabrication he* 
oaa resistances. Lea conditions devant regir un precede* de fabrication de ce 
genre de resistances present ant par carre" une resistance el eve e ou tree e levee, ? 
aont d'une part le haut dagr* de reproductibilite' en ce qui cone erne la valeur 
1 15 <*• resietance, et d 'autre part la poaaibilite* de foumir dee reaietancea preeen- 
| tant une tree grand* stabilite* loraqu'ellea aont aouaisea pendant longteaps a 
| 1 'influence de teapeVaturaa eleveSa eoue dee conditiona favoriaant l'oxydation. 
J L 'invention indique un proce'de' repondant a cea conditiona et peraettant 

la fabrication de resistances en aincea couchea pre" sent ant par carre une re* a is - 
20 tanca elevea ou tree 61ev*e. 

On connait le proc6de de fabrication de resistances en aincea couchea 
auivant lequel une couche de altal, par exeaple un alliage de nickel et de chroae, 
eat appliquee par evaporation but un aubatrat fome* par un aateriau iaolant. Afin 
d'obtenlr que de tellea resistances aoient aoins eujettes a variation loraqu'elleB 
j-85 oont oouaiees & 1 'influence de l'air, ellea aubiaaent ••una stabilisation". Cctte 
, operation conaiate en une ox/dation auperfidielle, de aorte que la couche ae*tal- 
llqua propreaent dite de aateriau resistant eat recouverte d'une couche d'oxyde 
de ae*tal. La resistance par oarr* de ce genre de resistances dont le corps de 
aateriau resistant eat un since fila de altal, eat relativeaent faible, de aorte 
30 qu 'ellea n 'entrant paa en ligne de ooapte pour fitre appliqueea dans certaina cir- 
cuits integreS, par eieaple lee circuits aonolithiques hybr^des et leB circuits 
hjbrides, aff octant la forme de couchea minces. 

Or, 1 'invention concerne un procSde* peraettant la fabrication de re- 
Biatanoea en couchea nlncea tree stables, preaentant par can 5 une resistance 
35 Sieve's ou tree £ levee et convenant particuliereaent bien pour fitre utilises dans 
; lea circuits integreS preSiteS, ^ 

L'invention concerne un procea\e*, auivant lequel un substrat, forme par 
un nateriau electriquement isolant, est muni d'une couche do metal que 1'on sou- 
■et ensuite a l'influence d'une atmosphere oxidants, et est principalenent carac- 
40 te>ise*e en ce que 1 'on depose success ivement plusieurs couches de m£tal dont 
chacune est oxydee separeoent et qoaai entierement. 
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TZ 00 ? 1 ": 4 1,10T9ntl01 " ~* C0n8t " Ude couche 
de -Ul M-t., .ne exposition est eeeantiel pou, att.*te 

P« car* de a valour, de Stance llev<Sefl „ u ^ ^ 
5 rlai.ta.ee. pr , 3entant ^ ^ ^ la reproductibilit5 con 

venable dea reeiatancee. ■ •■ ""mteeon- 

| L 'application de'la couch, de B etal c r u» aubatrat peut avoir U e« 

««t un proce'de conno en eoi , pa r „ e . ple par p„^ iBa tio n lhodi . tte 

, j 10 J. Lepaiaeeur da la couoh, da n ltal eat toujour, ch la . 

. ! ■ a ; iir9 t9Ue 16 "** convert* 9n 01y de de 1, 

. a t neur a-o^en., p* r exeople l 'air, A cet effet, l-e^^ * 
.5 la tP ° P 8rande ' U * tat — *— «ucha ' 

c uehe co.plete.ent 0ly dee, : ne trouve C o Me reattl 

en couch, .ince. tine coucbe triple obtenue euivant ledit 7 ^ 

i reeistance par carre qui ,. t tri. * ■ ' »**•«*• "»« 

" • ° am « oi treB elevee en eoif par -couch, triple-, il , . 

cbe d. .etal ausceptible d-Stre o^dee encore co.plete.ent, peut atre ^ 
nee par vo le experimantale. Cette profondeur eat tribute „ ■ , 
30 cce le genre du .etal ou de LalLe del T * > lu8i °^ '"oteur.,. 
. ture 4 laouelle l-oxyd^o ««taux format la couche, la t..p.i»- 

"quelle l .oiydation a Ueu, la dure", du proca.au' d'oxydation 
axon d'o^ene du 8 aa dan. le 9 uel cette option eat effect^ L V 
I'epaieeeur de la couche a o^der doit £ 8 *p e * P""^ 
choiaie telle ,ue le proceaaua d-o^dation na ral ie " 7 " 
35 en ccparaiaon avec lea durae. deaTutreaT T ** tr °» 

d'ovdation peut etre co«^ . P""^- >e Procaa.u. ;. 

tic d . M ex . e " 0nit8Ur "' C0B ° B ^ — 18 1-crip- 

I *lectr lque H cotc^: 8 0 "' f ° Uniie Cl ^« LB ^* ^aiataice ? * 

i -^ io. a^n PlU8 P6ndaat la continuation du proceaaua 

l *J 'ion, 81 «nif ie que 1 'ojydation a ete conplete n»r. i . 
}0 ceinte aoua vide, l^ui- utili.* T CM °" ^ Une 

[ *» -nichro.... i eat le ^ ™ -cbe par lva P o ra tio„ eat' 

- coucne ^ea ,ua 8l entiere.ent, aoit co.priae antra 500 ev 1000 
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par .exe.p.e ■>„ li^e de. co.pt. U chro.e, . i. tantalaet ^.Uin., Lea a ' iageB 

Illation d. la coucte de aetai appli,^ feut avoir Ueu dfl 
rentes aanieree en 80l conr.uee. Lcrs.ue 1 'evaporation de la cache a Ueu ia„ 6 
una enceinte aoua vide, on peut , introduire de ,,c W ene ou de l'a lr lor fi ,ue la- 
10 dite.applicat.on par .^oration a p ri . t M . ^ la u * 

content. de;1 , e ^ ne . et adaifle Mn8 llenceinte , e8t d064e> Wti .. 
ion la te.perature de 1. eouche de rftal eat alora r rati, U e B ent e S ale i ceHe 
u aubatrat pendant le proceaeuB duplication par evaporation. L'o^dation peut 
fcale.ent a,oir Ueu dan. one enceinte aeparle, Men que cela ne eon g ene a 1 
15 pas recordable pour certainee coneiderationa prati que8 . II eat l g al le 

: LMT e ; deja 4 " owdauon pa,unt ^ajation : tal 

x-t.dui.ant d. Lo^ene dana 1'enceinte ad^oc. ^e ce caa, la-preeeion de 

l 0WM M d0lt et p. U t atteiadre par exe.ple V> 4 5 

u™,... U n.en etait pas .in 8i , le c<mre de X . evaperation 

p .n Lrv uon 4,1 ppovenant 4e ia 80BrM *^«-. w. , 

pr.. i n. d. 0W ene utilise., il n . 8 , produit e " 

Partis, d. la couon. d. Mtal pendant 1 ^tion. tos le 1. o4 

ti« o. p. d „ it ftu BOan to 1 ., V8P0ratioa( u faut effectuer ■ t * _ 

25 otT U 90 °> St * ti0 * «^ PartieuT " 

not 9 " °T d0 1, ^° raU0 '" * *. Produce dee r< 8 iatancee - 

n oo a. .inc. dont la coition prea„te un taut dW g en 5i t e . Ceci 3 

o 1 ;r ticul e " 9Bt - re " ar ^ ior9 de u fabri °- tion - ■ -■ 

couohe. trie .incea preaentant par carrf une valeur <lectrio.ue tree elev.e, * 
aayoir jusqu'a 500 k-O, ' 

30 dew U TT * ,PPli "" lta t »' I, »'» «M d. U „ lw 

d a ir , our la r , 8iatMCe pftr Cette ^iatance dd-inue Xo^e !. no. tre 

d. couche. amenta. I. ^ de la rfeiet^e ^ carr4 de u ^ £ " 
o t e8t iSM ^ ceXXe-ci, e. non pa. J 

35 or.. 4 l-inventxen, on a pu faori 9 uer dee reaiatanoea en couchee ..incea preeen- 

ant par carre dee «W. tt . cttiqot8 trea d iff e« al te B1 : cea. valeure ^ 3" . 
■ co.prieea entre 1 et 500 kJl. 

forne 4 f;^" 0 " ^ ^«».*i'.id. du^ precede .J'' 

40 UtT t ' Pe " Mt 8UPt0Ut UUleB ^ 

dl d e " PartiCUli8T> ^ ^"• Wt kl(5U .. tybrla ee, c-eet-a- 

T ClrCUitS 168 ^-ctifa eont income dans 
conducted • c.ouit, dan. le6quel8 au aoiKB une ^..^^ Mu . f0Me d# 



since est appliques but un" couche ieolante - par exemple one couche d'oxyde -.4 
eur ie corps sea i-eonduc tour, et J 'autre part date des circuits hybridee. en forae 
de couches minces, c 'est-a-dire des circuite dane leequele eont appliquEb, entre 
autres, dee resistances et dee condensateura en forme de couches minces but an 
5 substnt ieolant bu port eur. . 

La description ci-apree, en ee rEferant au dessin, le tout donn£ * 
titre d*exeaple non liaitatif, fera hien coaprendre consent 1 'invention peut fit re 
rEalisEe, les part icularit Eb qui resaortent tant du texte que de la figure unique 
du dessin faisant, bien entendu, partie de 1 'invention* 
1 0 Sur cette figure, une cloche a vide (l) contient un rotor a disque cir- 

culaire (2) preseatant dee ouverturss qui contiennent les substrata k recouvrir 
par evaporation ainei qu'un teaoin, solidaires du; disque. Ce t Sao in est une plaque 
de verre sur laquelle eont deposeee, par evaporation, dee Electrodes servant a 
assurer, au cours de 1 'ppEration, la resistance de la couche de oetal dEposEe et 
15 celle de la couche d'oxyde foraEe a partie de la couche de aEtal. Etant donnE que 
les coucheB appJ.iquEes eur les substrata eont tou jours identiques a celles du 
tEmoin, on peut tou jours connaltre pendant le processus la resistance Electrique 
par car re* des couches appllquees sur cee substrata • 

La source fournissant le mEtal EvaporE est diaposEe sous le diaqas (2) 
20 et constitute par un fil de nichroae (5) en mEandre, dispose* dane un receptacle 
en forme de bolte o avert d'an c6te. Au-dessus du disque est place* un dispoBitif 
(7) dont Inane un rayonneaent inf rarouge chauffant les substrate et le tEmoin a 
une temperature d' environ 350°C. 

Lorequ'A travers la soupape (6). le vide a Etc pratiquE dans la cloche 
25 0), un couxant Electrique traverse le fil de nichroae (5). Le rotor eat animE 
d'un aouveaent de rotation. et le processus de depfit par Evaporation commence 
lorsque 1 'on dEplace un obturateur (4) se trouvant au-dessus du fil (5); Aprea 
quelque temps, la mesure de la resistance Electrique sur le tEmoin perset do 
constater la formation d'une couche conductrice. Lorsque la resistance par carre 
30 du teaoin a atteint une valeur 200 k-/l, on arrets le dEpflt par Eraporation en 
reaeUant 1 'obturateur (4) en face du fil de nichroae. A travers la aoupape (6), 
on introduit eneuite de l'air dans la cloche juequ'a une pression de 6,A0' r * torrs, 
de sorts que debute alors l'oxydation de la couche de aEtal, Le processus d'oxy- 
dation est suivi par la aesure de la rEsiatance sur le tEmoin, On constate que la 
35 rEsiatance au carrE de ce temoin augment e, l'oxydation Etant prat iqueaent terdi- 
nEe et complete lorsque ladite rEsistance rests cons tant e. : 

On vide a nouveau la cloche, une deuxieae couche de mEtal est dEpoBEe 
par Egaporation, puiB oxydEe. Cette operation Etant encore rEpEtEe une fois, on 
obtient ainei sur lee eubstrats et sur le teaoin, dee resistances triples en couche 
40 mince obtenues par trois EtapeB et prEsentant une resistance par carre d 'environ 
200 kA La meeure des resistances foncees sur les differents substrata permet de 
constater que les resistances par carrE des composants sont pratiquement les 



.6.08. Lee diffeMetf aW> inferieuree a t 5* U xepwduotibUit« du precede 5 
.'arte* done tree convenable. Suivant ce, precede*, I 'eapIoi du teeo in peine t da 
fabriqaer ainai dee rfaiatancee en couche eince nrtantant dee valeurs electrique. 
de'teraineSa et previa ibies. 
5 IX eat poasible de fabriquer dee couches de aateriau r^eietant af fee- 

tut dee diaensiona plaa grandee et de reaiiaer, i pertir de cee couchea et de 
aaniere connue, dea reSistancee en couchea aincea de diaeneiona vouluee, par 
exeaple a l'aide d'un practM de dficapage. IX eat fcaleaent poaeible de disposer 
dlrecteeent lea reSiatanoea deaireea dane lee circuita auxquela eXXes eont 
10 deetiaeee. agieeairt de Xa eorte, on recouvre ou on bXinde Xea partiea ne de- 
Tant paa fttre auniee d'une couche.de aorte que Xa couche, forage au-deeeue du 
recouvreaent ou blindage, peut fitre enleve*e par Xa auite. 

La etabiiite dea resistances en couchea ainceo eat tree convenabie. On 
a constat* que Xa variation de valeur electrique^de cee resistances, souaises * 
15 pendant 1000 heures dans de I'air a 175°C Stait infer ieure a 2*. 
flBSDMBi 

La presents Invention coaprend notaamentt 
I* Un procfide* de fabrication de reaiatancea en couchea oincea auivant 

iequel un eubatrat, fora* par un aateriau electriqueaent iaoXant, eat muni d'une 

20 couehe de netal que l'on aouaet enauite a X 'influence. d'une ataoephere oxydante r 
prinoipaXeaent caracteris* en ce que X'on depoae eucceeaiveaent pXuaieure 
couchea de altai dont chaemte eat oxydee eepareaent et quaai entiereaent. 
II. Dee foraea de realiaation du precede" epecifie* ci-deaaua pouvant presen- 

ter, en outre, Xea partlouXaritee euivantee, prieea ieoleaent ou en coabinaieon: 

25 U Une oxydation partieXXe d'une couche aStallique a lieu pendant eon 

application. 

2.. Cn applique eucceesiveaent troie/ couchea de attal au aoine, qui sont 
oxydase quasi entiereaent et seVareaent. 

3. Le altai destine a X 'application dea couches de mStal est un aXliage 
30 de nickel et de chroae. 

4. L 'application des couches de afital a lieu par un processue d'evapo- 
rution, et l'oxydation a lieu dans X 'enceinte ad hoc. 

5. L'epaisseur de Xa couche de ae'tal, soumise a oxidation, est telle 
qu'apree I 'oxydation pratiqueaent coapXete de Xa couche, on obtienne une couche 

35 preSentant une resistance par carre* coaprise entre 500 et 1000 k/L . 

III. une resistance en couche aince, obtenue suivant un des points precitee. 
IT. Dn circuit aonolithique hybride coaportant au aoins une reeiBtance 

suivant Xe point HI. , 

V. Un circuit hybride en forae de ainces couchee, coaportant au noin B 

40 une resistance suivant Xe point III. 
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AB Metal oxide films having high resistances (1-500 kilohms/square) are fabri 
cated by depositing (e.g. by evapn. in a vacuum) a series of metal films 
(e.g., Nichrome). JSach film in the series is oxidized almost completely 
before deposition 6f the following one. Both the deposition and the oxidn. 
of each layer are monitored by measuring the resistance of similar layers 
deposited onto a nearby glass substrate which has electrodes and leads 
already attached. For Nichrome films, the substrate temp, is 350°. and 
deposition of a give n layer is halted when the resistance of the control 
film has decreased to 200 kilohms/square. The air pressure in the bell jar 
is then increased to 6 x 10-4 torr and oxidn. proceeds until the resistance 
of the control stops increasing. The pressure is then reduced, and 
subsequent layers are added. An, alternative method, yielding films of 
greater uniformity and higher resistivity, involves evapgl the nichrome 
(1-5) x 10-5 torr. Oxidn. can then occur to some extent while evapn. 
proceeds, but is completed only by interrupting evapn. periodically to 
allow oxidn. at higher pressures. 
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The invention concerns a method of manufacture of electrical resistors in the form of 
thin layers consisting of metal oxide; it also concerns the resistors themselves, which will be 
called "thin-layer resistors" in this text below. 

There are already various methods known for the manufacture of thin-layer resistors, 
the resistor material layer being applied either by evaporation or by cathodic sputtering onto a 
substance made of an insulating material. The development of integrated circuit technology 
and, in particular, of hybrid circuits, created the present need of having thin-layer resistors of 
very low dimensions available and having a high resistance per square. The known methods 
do not permit the manufacture of these resistors. The conditions that must govern a method of 
manufacture of these type of resistors having a high or very high resistance per unit square are, 
on the one hand, the high degree of reproducibility with regard to the resistance value, and, on 
the other hand, the possibility of providing resistors which have a very high stability when they 
are subjected to the influence of high temperatures for a long time under conditions that 
promote oxidation. 

The invention indicates a method that satisfies these conditions and permits the 
manufacture of thin-layer resistors having a high or very high resistance per square. 

The method of production of thin-layer resistors is known, according to which a metal 
layer, for example, a nickel-chromium alloy layer is applied by evaporation onto a substrate 
formed from an insulating material. In order to ensure that such resistors are less subject to 
variations when they are exposed to air, they undergo "a stabilization". This operation 
consists in a surface oxidation so that the actual metallic layer of the resistant material is 
covered with a metal oxide layer. The resistance per square of this type of resistor, in which 
the body of the resistant material is a thin metal film, is relatively low, so that they are not 
considered to be applicable in certain integrated circuits, for example, hybrid monolithic 
circuits and hybrid circuits, which are in the thin-layer form. 
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Now, the invention is concerned with a method that permits the production of very 
stable thin-layer resistors, which have a high or very high resistance per square and are 
particularly suited to being used in the integrated circuits cited above. 

The invention concerns a method according to which a substrate, formed by an 
electrically insulating material, is equipped with a layer of metal which is then subjected to the 
influence of an oxidizing atmosphere and is mainly characterized by the fact that several metal 
layers are deposited in succession, each of which is oxidized separately and almost entirely. 

A thin-layer resistor obtained by carrying out the method according to the invention 
consists entirely of a metal oxide layer which has a homogeneous composition. This is 
essential for achieving high or very high resistance values per square and to obtain resistors, 
which have high stability as well as the reproducibility appropriate for resistors. 

The deposition of the thin metal layer on a substrate can take place according to a 
known method, for example, by cathodic sputtering.. This deposition can be carried out very 
well by evaporation in a container in which a certain vacuum exists. The thickness of the 
metal layer is always chosen so that the metal is entirely converted to the metal oxide during 
the oxidation, which can take place either by heating in oxygen; or in an oxygen-containing 
gas, for example, air. For this purpose, the thickness of the metal layer must not be too high. 
The resistance per square of a simple metal oxide layer obtained according to this method is so 
high that a layer, which is completely oxidized, is generally not used as a thin-layer resistor. 
A triple layer obtained according to the said procedure has a resistance per square, which is 
very high in itself. The term "triple layer" means a layer resulting from the following 
successive operations; application of a metal layer by evaporation, oxidizing this completely, 
applying a second metal layer onto the metal oxide layer as obtained, oxidizing this second 
layer completely, applying a third metal layer onto the metal oxide layer that is obtained, and 
oxidizing the latter completely. Such a triple layer can be very well used as thin-layer resistor, 
especially in integrated circuits where one wishes to use resistors of very low dimensions 
having very high ohmic values. The resistance per square of such a triple layer reaches 
approximately 200 kQ at 20°C. The maximum thickness of the metal layer that can still be 
oxidized completely can be determined experimentally. This depth is tributary to various 
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factors, such as the type of metal or the metal alloy forming the layer, the temperature at which 
oxidation takes place, the duration of the oxidation process and the oxygen pressure of the gas 
in which this oxidation is performed. In practice, the thickness of the layer to be oxidized 
should be adapted to the procedure used and chosen so that the oxidation process does not 
require too long a time in comparison with the duration of the other steps of the process. The 
oxidation process can be controlled with a "monitor" as indicated in the description of a 
practical example given below. When the electrical resistance of the layer no longer increases 
during the continuation of the oxidation process, this indicates that the oxidation is complete. 
In the case where, in a container under vacuum, the "metal" used for applying a layer by 
evaporation is "nichrome", it is useful to choose the thickness of the layer so that the resistance 
of the layer, which is oxidized almost entirely, is between 500 and 1000 kQ per square. 

The metals suitable for application as sources to be oxidized are in order chromium, 
tantalum, molybdenum [translation uncertain because of illegibility - Translator.] The alloys 
of nickel and chromium are particularly well suited, for example, nichrome, (80% Ni, [20?] % 
Cr), chromel (90% Ni, 10% Cr) and inconel (76% Ni, 15% Cr and 9% Fe). 

The oxidation of the metal layer applied may take place in different ways in the known 
manner. When the evaporation of the layer is carried out in a container under vacuum, oxygen 
can be introduced into it or oxygen or air can be introduced into it when the said application by 
evaporation is completed. In practice, the quantity of oxygen-containing gas is allowed to 
enter into the container and is determined. During the oxidation, the temperature of the metal 
layer is then practically equal to that of the substrate during the process of deposition by 
evaporation. The oxidation can also take place in a separate container, although this is not 
generally recommended because of certain practical considerations. It is also possible to 
proceed with the oxidation during the application of the metal by evaporation by introducing 
oxygen into the container ad hoc . In this case, the pressure of oxygen must not be high and 
may reach, for example, 10* 5 to 510" 5 torr; if this was not so, the course of evaporation may be 
perturbed by oxidation of the metal coming from the evaporation source. With the useable 
oxidation pressures, generally only partial oxidation of the metal layer occurs during the 
evaporation. In the case where the oxidation takes place during evaporation, oxidation of the 
layer must be made complete in a separate operation. Partial oxidation, carried out during 
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evaporation, has the advantage of producing thin-layer resistors, the composition of which has 
a high degree of homogeneity. This can be noted particularly during the manufacture of 
resistors with very thin layers which have a very high electrical value per square, namely up to 
500 kQ. 

The number of layers to be applied on top of one another depends on the desired value 
for the resistance per square. This resistance decreases when the number of layers increases. 
The value of resistance per square of the layer finally obtained is determined by the thickness 
of it and not by the number of steps that gave rise to its formation. By carrying out the process 
according to the invention, one can manufacture thin-layer resistors, which have very different 
electrical values per square: these values were between 1 and 500 kQ. 

The thin-layer resistors, manufactured with the aid of the method according to the 
invention, can be especially useful on the one hand in integrated circuits, and, in particular, in 
hybrid monolithic circuits, that is, in circuits the active elements of which are incorporated into 
the semiconductor body, circuits in which at least one resistor is in the form of a thin layer 
applied on an insulating layer - for example, an oxide layer, on the body of the semiconductor 
and, on the other hand, in hybrid circuits in the form of thin layers, that is, circuits in which, 
among others, resistors and capacitors in the form of thin layers are applied on an insulating 
substrate or carrier. 

The description given below, referring to the drawing, all given as a nonlimiting 
example, will provide understanding as to how the invention can be realized, the special 
characteristics of which follow from the text as well as from the single figure naturally 
representing part of the invention. 

In this figure, a bell jar (1) containing a rotor with a circular disk (2) having openings 
which contain the substrate to be covered by evaporation, as well as a control, attached to the 
disk. This control is a glass plate on which electrodes are deposited by evaporation, which are 
used to measure, during the operation, the resistance of the deposited metal layer and that of 
the oxide layer formed from the metal layer. Given that the layers applied on the substrates 
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are always identical to those of the control, during the process, the electrical resistance per 
square of the layers applied on these substrates can be determined. 

The source providing the evaporated metal is placed on the disk (2) and consists of a 
meandering nichrome filament (5) arranged in a receptacle in the form of a box which is open 
on one side. A device (7) is placed on top of the disk, which emits infrared radiation that heats 
the substrate and the control to a temperature of approximately 350°C. 

When vacuum is applied in the bell jar (1) through the valve (6), an electrical current is 
made to pass through the nichrome filament (5). The rotor is activated into a rotary movement, 
and the process of deposition by evaporation begins when a shutter (4) that is on top of the 
filament (5) is displaced. After a period of time, measurement of the electrical resistance on 
the control permits demonstration of the formation of a conducting layer. When the resistance 
per square of the control has reached a value of 200 kQ, the deposition by evaporation is 
stopped by replacing the shutter (4) across the nichrome filament. Then air is introduced into 
the bell jar through the valve (6) up to a pressure of 610" 4 torr, so that the oxidation of the 
metal layer begins. The oxidation process is followed by measurement of the resistance on the 
control. It is found that the resistance per square of this control increases, and the oxidation is 
completed practically and completely when the said resistance remains constant. 

The bell jar is evacuated again, a second layer of metal is deposited by evaporation and 
then oxidized. This operation is repeated once more, and thus triple thin layer resistors are 
obtained on the substrates and on the control, obtained by the three steps and having a 
resistance per square of approximately 200 kQ. The measurement of the resistors formed on 
the different substrates permits one to observe that the resistances per square of the compo- 
nents are practically the same. The differences are less than ± 5%. The reproducibility of the 
procedure proves to be suitable. According to this process, the use of a control permits the 
manufacture of thin-layer resistors, which have determined and predictable electrical values. 

It is possible to manufacture layers of resistant material of larger dimensions and to 
produce, from these layers in the known manner, thin-layer resistors of desired dimensions, 
for example, with the aid of a cutting process. It is also possible to arrange the desired 
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resistors directly in the circuits to which they are intended. For this purpose, the parts that 
should not be equipped with a layer are covered or blinded, so that the layer formed above of 
the covering or blinding can be removed subsequently. 

The stability of the thin-layer resistors is very suitable. It is found that the variation of 
the electrical value of these resistors, when exposed to air at 175 °C for 1000 hours, was less 
than 2%. 



SUMMARY [PATENT CLAIMS! : 

The present invention comprises the following: 

I - A process for the manufacture of thin-layer resistors according to which a substrate, 
formed from an electrically insulating material, is equipped with a metal layer which is then 
exposed to the influence of an oxidizing atmosphere, mainly characterized by the fact that 
several metal layers are deposited in succession, each of which is oxidized separately and 
almost entirely. 

II - Moreover, embodiments of the method specified above can present the following 
characteristics taken separately and in combination: 

1. Partial oxidation of a metal layer, taking place during its deposition. 

2. At least three metal layers are deposited in succession, which are oxidized almost 
entirely and separately. 

3. The metal intended for deposition of the metal layers is a nickel and chromium 

alloy. 

4. The deposition of the metal layers takes place by an evaporation process and the 
oxidation takes place in an ad hoc container. 



7 



{34/12/2902 14:03 8474379869 QUEST TECHNOLOGY PAGE 10 



1576658 

5. The thickness of the metal layer to be oxidized is such that, after practically 
complete oxidation of the layer, a layer is obtained which has a per square resistance between 
500 and 1000 ka 

in - A thin-layer resistor, obtained according to the points cited above. 

IV - A hybrid monolithic circuit having at least one resistor according to point EI. 

V - A hybrid circuit in the form of thin layers, having at least one resistor according to 
point m. 





Metal oxide films haying high resistances {1-5O0 kilohms/ square) are fabri 
cated by depositing (e.g. by evapn. in a vacuum) a aeries of metal films 
(e.g., Nichrqme) . E*ch film in the series is oxidized almost cotqpletely 
before deposition of the following one. Both the deposition and the oxidn. 
of each layer are monitored by measuring the resistance of similar layers 
deposited onto a nearby glass substrate which has electrodes and leads 
already attached. For Ni chrome films, the substrate temp, is 350°. and 
deposition of a give h layer is halted when the resistance of the control 
film has decreased to 200 kilohme/s<£uare . The air pressure in the bell jar 
is then increased to r € x 10-4 torr and oxidn. proceeds until the resistance 
of the control stops increasing. The pressure is then reduced, and 
subsequent layers are added. An alternative method, yielding films of 
greater unifbrmity and higher resistivity, involves evapg, the ni chrome 
(1-5) x 10-S torr. Oxidn. can then occur to some extent while evapn. 
proceeds, but is completed, only by interrupting evapn, periodically to 
allow oxidnV at higher pressures. 
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